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Description 

[0001] The present invention relates generally to po- 
sition determining apparatus and associated method. 
[0002] More particularly, the present invention relates 
to a system and an associated method for determining 
positional data associated with a selected target and for 
transmitting data to the selected target through the use 
of optical signals. 

[0003] Many varied types of surveying devices and 
methods are available to facilitate the collection of data 
required for mapping and surveying operations. 
[0004] For instance, US-A-4 681 433 discloses a po- 
sition determining apparatus which utilizes electromag- 
netic wave modulation of a continuous optical wave for 
transmitting signals representing distance between two 
points. 

[0005] US-A-4 007 991 discloses the transmission of 
encoded information by controlling the interval between 
successive pulses generated by two optical beams. 
[0006] In US-A-5 291 262 there is described a position 
determining apparatus according to the preamble of 
claim 1. 

[0007] A method for the determination of positional 
data according to the preamble of claim 1 7 is also known 
from US-A-5 291 262. More specifically, this 
[0008] US-A-5,291 ,262 to Dunne, the inventor of the 
present application for letters patent discloses a laser 
survey instrument operative to determine positional da- 
ta associated with a selected target. The laser survey 
instrument generates an infrared laser pulse which is 
directed upon the target. Transmission of the laser pulse 
to the selected target and reflection of the laser pulse 
back to the survey instrument permits determi nation of 
the range between the laser survey instrument and the 
selected target. The survey instrument also determines 
vertical and horizontal angles between the survey in- 
strument and the selected target. The horizontal and 
vertical angles, together with the range between the sur- 
vey instrument and the target, form positional data 
which defines the position of the selected target. 
[0009] Also hand-held laser survey instruments avail- 
able from Laser Technology, Inc. of 7070 South Tucson 
Way, Englewood, Colorado 80112, determine range, 
horizontal angle, and vertical angle values which togeth- 
er form the positional data which define the position of 
a selected target. The positional data determined by the 
laser survey instruments may be supplied to a data stor- 
age apparatus which records the data collected by the 
survey instrument. 

[0010] A HYDRO II (tm) laser survey instrument and 
system is also available from Laser Technology, Inc. The 
survey laser determines the range between the survey 
laser and a selected target. A theodolite determines hor- 
izontal and vertical angles between the survey laser and 
the selected target. Values of the range and of the hor- 
izontal and vertical angles are supplied to continuous 
wave radio circuitry which modulates a continuous 



wave, radio frequency signal. A modulated radio fre- 
quency signal is generated by the radio transmitter for 
transmission to a remote site. The HYDRO II (tm) survey 
laser and system is of particular utility in underwater 
5 mapping operations. A ship-based sounding device, 
used to determine water depths, supplies data repre- 
sentative of measured water depths to ship-based data 
storage apparatus. A ship-based radio receiver receives 
the modulated signals generated by the radio transmit- 
ter of the HYDRO II (tm) survey laser system. The ship- 
based radio receiver demodulates the received signals, 
and values of the signals are stored at the ship-based 
data storage apparatus. By correlating the data deter- 
mined by the survey laser and system with the data col- 
lected by the depth sounding apparatus, underwater 
mapping is permitted. 

[0011] Similar survey laser and systems may be uti- 
lized in other applications to transmit data collected by 
the survey laser and system to a remote site. 
{0012] The existing survey laser and system which 
transmits the data to a remote site through the genera- 
tion of a continuous wave, radio frequency signal works 
well to transmit the data to a remote site. However, in 
many areas, governmental bodies regulate the trans- 
mission of radio frequency signals. In many areas, li- 
censing is required to permit transmission of a radio 
transmitter. 

Multiple licenses are sometimes required to be obtained 
to permit operation of the radio transmitter when the sur- 
vey laser and system is to be operated in various geo- 
graphical areas over which various governmental bod- 
ies have jurisdiction. Procurement of the necessary li- 
censes to permit operation of the radio transmitter can 
easily become a bureaucratic burden. Also, radio trans- 
mission of information by a continuous wave modulation 
technique is susceptible to radio frequency interference 
or frequency drift. 

[0013] A laser survey instrument capable of collecting 
data and transmitting the data to a remote site by a 
transmission mechanism which does not require licens- 
ing by a governmental body would be advantageous, 
[0014] It is with respect to these considerations and 
other background information relative to survey instru- 
ments that the significant improvements of the present 
invention have evolved. 

[0015] Therefore, it is a primary objective of the 
present invention to provide a position determining ap- 
paratus which overcomes the aforementioned inade- 
quacies of the prior art devices and which is capable of 
collecting data and transmitting the data to a remote site 
by a transmission mechanism which does not require a 
continuous wave, radio frequency signal and the asso- 
ciated continuous wave modulation technique. 
[0016] To achieve this, the apparatus of the invention 
is characterized by the features claimed in the charac- 
terizing part of claim 1 and the invention provides a 
method according to the characterizing part of claim 1 7. 
[0017] The present invention advantageously pro- 
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vides an apparatus, method, and system for determin- 
ing positional data associated with a selected target and 
for transmitting the positional data to a remote site. The 
positional data is modulated to form a digital, optical sig- 
nal comprised of optical pulses. The optical signal is 
transmitted to a receiver located at a remote site. 
[0018] The survey instrument includes a light gener- 
ative element which generates optical pulses which are 
transmitted to a selected target. Time periods required 
for transmission of an optical pulse to the selected target 
and reflection back to the survey instrument permit a de- 
termination to be made of the range between the survey 
instrument and the selected target. A theodolite, or other 
angle determining instrument determines values of hor- 
izontal and vertical angles between the survey instru- 
ment and the selected target. The range values and the 
values of the horizontal and vertical angles are modu- 
lated upon the optical pulses generated by the light gen- 
erative element of the survey instrument. The light gen- 
erative element is used both in the determination of the 
range to the selected position and also to transmit po- 
sitional data to the remote site. 

[0019] The optical signals are transmitted to an optical 
receiver positioned at a remote site. No licensing is re- 
quired to permit generation of the optical signals in con- 
trast to the licensing typically required to permit trans- 
mission of radio frequency signals. Further, because the 
survey instrument does not require a radio frequency 
transmitter, all costs associated with a radio frequency 
transmitter are avoided. Also, optical signals are not 
susceptible to radio frequency interference or frequency 
drift. 

[0020] An optical signal receiver is positioned at a re- 
mote site for receiving transmitted optical signals. Val- 
ues of the optical signals received by the optical signal 
receiver are stored in data storage apparatus located at 
the remote site. Additional data collected at the remote 
site may also be stored in the optical signal receiver. 
When the selected target is positioned at the remote site 
to which the optical signals are to be transmitted, the 
optical pulses forming the optical signal generated by 
the light generative device may be used simultaneously 
to determine range data and also to transmit data to the 
remote site. That is to say, positional, or other, data 
measured during a preceding measuring period may be 
transmitted to the remote site during a subsequent 
measuring period. 

[0021] The present invention may be advantageously 
utilized in hydrographic mapping applications. The sur- 
vey instrument is positioned at a reference position and 
determines positional data of a selected target at which 
a water-based sounding device is positioned. An optical 
receiver positioned together with the sounding device 
receives the optical signals generated by the survey in- 
strument and stores values representative of the optical 
signals and also data collected by the sounding device. 
[0022] In accordance with the present invention, 
therefore, an apparatus for determining positional data 



representative of at least a relative position of a selected 
target and for transmitting the positional data to a remote 
site is disclosed. A fight generative device generates op- 
tical pulses. A position determining device coupled to 

5 the light generative device determines the positional da- 
ta representative of at least the relative position of the 
selected target. A modulation device is coupled to the 
light generative device and also to the position deter- 
mining device to receive the positional data determined 

10 by the position determining device. The modulation de- 
vice modulates the optical pulses generated by the light 
generative device with the positional signals for trans- 
mission to the remote site. 

[0023] In a further embodiment of the present inven- 
ts tion, an optical signal receiver is positioned at the re- 
mote site and receives the optical signals formed of the 
optical pulses generated by the light generative device. 
A data storage device is further positioned at the remote 
site for storing values of the optical signals transmitted 
20 to the optical receiver. Additional data may also be 
stored in the data storage device. 
[0024] A more complete appreciation of the present 
invention and the scope thereof can be obtained from 
the accompanying drawings which are briefly summa- 
25 n'zed below, the following detailed description of the 
presently preferred embodiments of the invention, and 
the appended claims. 



Brief Description of the Drawings 
[0025] 

Fig. 1 is a functional block diagram of the system of 
an embodiment of the present invention. 
Fig. 2 is a perspective view of a laser survey instru- 
ment of an embodiment of the present invention 
which forms a portion of the system shown in Fig. 1 . 
Fig. 3 is a perspective view of an optical receiver 
which forms a portion of the system shown in Fig. 1 . 
Fig. 4 is a functional block diagram of the laser sur- 
vey instrument shown in Fig. 2. 
Fig. 5 is a timing diagram illustrating an optical sig- 
nal generated by the laser survey instrument of an 
embodiment of the present invention and an en- 
larged portion which illustrates time slots in which 
an optical pulse of the optical signal may be gener- 
ated. 

Fig. 6 is a functional block diagram of a portion of 

the optical signal receiver shown in Fig. 3. 

Fig. 7 is a perspective view of the system shown in 

Fig. 1 utilized to map a body of water. 

Fig. 8 is a perspective view of the system shown in 

Fig. 1 utilized to map a plot of land. 



55 Detailed Description 

[0026] Fig. 1 illustrates a system, shown generally at 
1 0, of an embodiment of the present invention. The sys- 
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tern 1 0 determines positional data representative of a 
selected target and transmits the positional data to a re- 
mote site. In the illustration of Fig. 1 , the selected target 
and the remote site are commonly located. 
[0027] The system 10 includes a survey instrument 
12, here a laser survey instrument. The survey instru- 
ment 12 may alternately be formed of another type of 
optical light generative survey instrument. The survey 
instrument 12 includes a laser light generator 14 which 
generates laser pulses forming optical pulses. The op- 
tical pulses generated by the light generator 14 are 
transmitted to a light reflector 1 8 and an optical receiver 
20, both positioned at the selected target. 
[0028] The light reflector 1 8 reflects the optical pulses 
transmitted thereto back to the survey instrument 12. 
[0029] The survey instrument 1 2 also includes a light 
detecting and processing circuitry 22 for detecting the 
optical pulses reflected by the light reflector 18. The light 
detecting and processing circuitry 22 generates signals 
indicating times when the light detecting and processing 
circuitry 22 receives the reflected optical pulses, and the 
signals are applied to a position determining device 24. 
The position determining device 24 is also coupled to 
the light generator 14 to be provided with indications of 
times in which the generator 14 generates optical puls- 
es. The position determining device 24 determines val- 
ues of the range between the laser survey instrument 
1 2 and the selected target responsive to a determination 
of time differentials between times in which the light gen- 
erator 14 generates the optical pulses and the light de- 
tecting and processing circuitry 22 receives the reflected 
optical pulses. 

[0030] The laser survey instrument 1 2 also includes 
an angle determining device 28 which determines hori- 
zontal and vertical angles between the laser survey in- 
strument 12 and the selected target. The horizontal and 
vertical angles determined by the angle determining de- 
vice are also applied to the position determining device 
24. 

[0031] The position determining device 24 generates 
positional data on line 30. The positional data includes 
values of the range and the horizontal and vertical an- 
gles between the survey instrument 1 2 and the selected 
target. Line 30 is coupled to an optical modulator 32 to 
permit the optical modulator 32 to receive the positional 
data generated by the position determining device 24. 
[0032] The optical modulator 32 modulates the posi- 
tional data onto the optical pulses by altering the spacing 
between adjacent ones of the optical pulses generated 
by the light generator 14. Series of the optical pulses, 
once modulated with the positional data, form optical 
signals which are transmitted to the optical receiver 20. 
[0033] The optical receiver 20 determines the spac- 
ings between adjacently positioned pulses of the optical 
signals transmitted thereto. By appropriate determina- 
tion of the spacing between the optical pulses of the op- 
tical signals transmitted to the optical receiver 20, the 
optical receiver 20 determines the positional data asso- 



ciated with the selected target. Values of the positional 
data received by the optical receiver 20 are stored in a 
data storage device 36, such as a data logger or com- 
puter, which is coupled to the optical receiver by the way 
5 of line 38. 

[0034] The system 10 further includes a data acquisi- 
tion device 40 which acquires the data for storage in the 
data storage device 36. The data acquisition device 40 
and the data storage device 36 are coupled by way of 
line 42. Data acquired by the data acquisition device 40 
is stored in the data storage device 36 together with the 
positional data received by the receiver 20. Because 
both positional data transmitted to the optical receiver 
20 and the data acquired by the data acquisition device 
40 are stored in the data storage device 36, the data 
acquired by the data acquisition device 40 may be cor- 
related with the positional data transmitted to the optical 
receiver 20. All of the data required.to create, for exam- 
ple, a topographical map may be stored, through oper- 
ation of the system 10, in the data storage device 36. 
[0035] The system 10 is of particular utility when the 
position of the selected target at which the light reflector 
1 8, optical receiver 20, data storage device 36, and data 
acquisition device 40 changes over time, such as when 
the elements are ship-based, carried by a vehicle, or 
carried by an individual to be positioned at different lo- 
cations. When positioned at the different locations, the 
data acquisition device 40 acquires data associated with 
the position at which the elements are located, and the 
optical receiver 20 receives positional data determined 
by the laser survey instrument 1 2 of the position at which 
the elements are located. The data storage device 36 
thereby stores all information necessary to perform 
mapping, or other types of surveying, operations in 
which both positional data and additional data acquired 
by the data acquisition device 40 are utilized. 
[0036] Fig. 2 illustrates the laser survey instrument 1 2 
of an embodiment of the present invention. The survey 
instrument 1 2 is positioned either at a reference position 
or at a position in a known relationship with a reference 
position. 

[0037] A laser light generator forming the light gener- 
ator 14 and a laser light receiver forming the light de- 
tecting and processing circuitry 22 are housed within a 
common housing 50. The housing 50 includes light- 
transmissive portions 52 and 54. The light-transmissive 
portions 52 and 54 permit the transmission of laser light 
and reception of reflected laser light by the generator 14 
and the circuitry 22, respectively. Circuitry forming the 
position determining device 24 (shown in Fig. 1 ) and the 
modulator 32 (shown in Fig. 1) are also housed within 
the housing 50. A telescopic sight 55 is mounted upon 
the housing 50 to permit an operator of the survey, in- 
strument 12 to aim the survey instrument 12 at a select- 
ed target. Once aimed at the selected target, the oper- 
ator actuates a manual ly-actuatable trigger which caus- 
es generation of optical pulses by the light generator 14. 
[0038] The housing 50 is mounted upon a theodolite 
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56 which forms the angle determining device 40 shown 
in Fig. 1 . The theodolite 56 is operative to determine hor- 
izontal and vertical angles between the survey instru- 
ment 12 and the selected target and to generate signals 
of values representative of the angles. The theodolite 
56 further includes a sighting mechanism 57 which may 
be used by an operator of the instrument 12 to aim the 
survey instrument 12 at a selected target in the alterna- 
tive to use of the sight 55. 

[0039] The housing 50 is mounted upon the theodolite 
56 in a manner which permits limited tilting movement 
of the housing 50, and the light generator and detector 
14 and 22 housed within the housing 50, relative to the 
theodolite 56 through suitable actuation of a tilting 
mechanism 58. And, rotation of the theodolite 56 and 
the housing 50 is permitted by way of actuation of an 
endless tangent mechanism 60. The endless tangent 
mechanism is manually actuated by way of rotation of 
an actuation lever 62. 

[0040] A power cable 64 supplies the survey instru- 
ment 1 2 with a suitable supply of power, such as that 
which might be supplied by a 1 2 volt dc power pack. The 
power cable 64 is coupled to an interface 68. The inter- 
face 68 is also coupled to the theodolite 56 by way of a 
cable 70 upon which signals representative of the ver- 
tical and horizontal angles determined by the theodolite 
56 are generated. The interface 68 is further coupled to 
the circuitry housed within the housing 50 by way of a 
cable 72. The cable 72 includes lines to supply power 
to the circuitry housed within the housing 50 as well as 
signals representative of the horizontal and vertical an- 
gles determined by the theodolite 56. Circuitry forming 
the position determining device 24 and the optical mod- 
ulator 32 are operative in manners described previously 
to control the spacing between the optical pulses gen- 
erated by the light generator 14. 
[0041] Fig. 3 illustrates the light reflector 18 and the 
optical receiver 20 positioned at the selected target. The 
reflector 18 and the receiver 20 are supported about a 
central staff 80 which is supported to extend above an 
appropriate support surface. The reflector 18 is formed 
of a plurality, here eight, outwardly-facing and radially- 
positioned prisms or retroreflectors 82. The prisms 82 
are supported from the shaft 80 at either of two vertical 
heights wherein the prisms 82 supported at a first of the 
two vertical heights are radially offset from the prisms 
82 supported at the second of the two vertical heights 
and form two rings of prisms 82. The prisms 82 are po- 
sitioned such that at least one of the prisms 82 is posi- 
tioned to face the laser survey instrument 12 (shown in 
Fig. 1 ) irrespective of the orientation of the reflector 1 8 
relative to the survey instrument 12. Use of the reflector 
18 increases the range of operability of the survey in- 
strument 1 2 by forming high efficiency reflectors for re- 
flecting light transmitted thereto by the survey instru- 
ment 12. 

[0042] The optical receiver 20 is formed of a plurality 
of optical detectors 84 for converting light energy into 



electrical signals. Each of the optical detectors 84 is cou- 
pled to receiver circuitry and the optical receiver 20 is 
here preferably formed of a plurality of discrete receiv- 
ers, each associated with a particular optical detector 

5 84. The optical detectors 84, similar to the prisms 82 are 
outwardly facing and radially positioned about the cen- 
tral staff 80 to form a ring of optical detectors 84. At least 
one of the optical detectors 84 is positioned to receive 
the optical pulses generated by the laser survey instru- 

10 ment 12 (shown in Fig. 1 ) irrespective of the orientation 
of the receiver 20 relative to the survey instrument 12. 
The optical receiver 20 is powered by an appropriate 
power supply by way of a cable 86, and electrical signals 
generated by the receiver 20 are provided to the data 

15 storage device 36 (shown in Fig. 1 ) by way of the cable 
88. 

[0043] The circuitry of the laser survey instrument 1 2 
is shown in Fig. 4. The laser survey instrument 1 2 is sim- 
ilar to corresponding structure disclosed in U.S. Patent 

20 No. 5,291 ,262. The laser survey instrument 12, in con- 
trast to the structure disclosed in U.S. Patent No. 
5,291 ,262, further includes circuitry for controlling the 
spacing between the adjacent optical pulses generated 
by the survey instrument. 

25 [0044] The survey instrument 1 2 includes a microcon- 
troller 94 having a microprocessor 96, a memory unit 98 
and an oscillator 102. The elements of the microcontrol- 
ler 94 are appropriately powered by connection to a low 
voltage power supply 95. The power supply 95 also 

30 powers other elements of the survey instrument 1 2. The 
microprocessor 96 and the memory unit 98 are intercon- 
nected by way of a bus 104, and the microprocessor 96 
is coupled to other circuitry of the survey instrument 12 
by way of a data bus 106. The processor 96 is also cou- 

35 pled to other circuitry of the survey instrument 1 2 by way 
of logic control lines 108. 

[0045] The memory unit 98 is coupled to data input/ 
output circuitry 110 by way of a bus 112. The data input/ 
output circuitry includes a UART 114, a visual display 

40 116, and a keypad 118. The UART 114, display 116, and 
keypad 118 are further coupled to the data bus 1 06. The 
theodolite 56 which determines the horizontal and ver- 
tical angles between the survey instrument 12 and a se- 
lected target is coupled to the UART 114 by way of the 

45 cable 70 (also shown in Fig. 2). Values of the horizontal 
and vertical angles determined by the theodolite 56 are 
supplied to the microcontroller 94 by way of the UART 
114. 

[0046] The logic control lines 108 extending from the 
50 processor 96 are also coupled both to the light detecting 
and processing circuitry 22 and to the light generator 14. 
[0047] More particularly, the light generator 14 in- 
cludes a high voltage power supply 122, and the logic 
control lines 108 are coupled to the power supply 122 
55 of the light generator 14. The high voltage power supply 
122 is, in turn, coupled to a laser pulse generator 124. 
The logic control lines 108 are also coupled to the laser 
pulse generator 124. The laser pulse generator 124 is 
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further coupled to a laser pulse spacing counter 126 by 
way of line 128. The laser pulse spacing counter 126 
forms the optical modulator 32 of the survey instrument 
12 and is coupled to the data bus 106 and also to the 
logic control lines 108. The laser pulse spacing counter 
is controlled by the microprocessor 96 which loads the 
counter 126 with count values. When the counter 126 
counts out, signals generated on line 128 permit gener- 
ation of an optical pulse by the pulse generator 124. It 
should also be noted that, while the laser pulse spacing 
counter 126 is illustrated functionally in Fig. 4 as a dis- 
crete element, the counter 126 may alternately be inte- 
grated into the microprocessor 96. 
[0048] The laser pulse generator 1 24 generates opti- 
cal pulses which are transmitted through a collimator 
132. The optical pulses are indicated by the waveform 
1 34 in the figure for transmission to a selected target 
1 36. Reflected pulses, here indicated by waveform 1 38, 
are received by the light detecting and processing cir- 
cuitry 22. The light detecting and processing circuitry 22 
includes a collimator 140, a filter 142, a light detector 
144, signal processing and amplification circuitry 146, 
and timing analysis circuitry 1 48. The timing analysis cir- 
cuitry is coupled both to the data bus 1 06 and to the logic 
control lines 108. 

[0049] The high voltage power supply 1 22 of the light 
generator 14 is further coupled to the light detector 144 
of the light detecting and processing circuitry 22, and 
the light detector 144 is further operative to receive a 
redirected portion of the optical pulses generated by the 
laser pulse generator 124, here represented by the 
waveform 1 52. The redirected portion of the optical puls- 
es generated by the generator 124 is used to form a tim- 
ing reference signal. The redirected portion forms refer- 
ence pulses. 

[0050] The light generator 14 and light detecting and 
processing circuitry 22 generate and receive optical 
pulses to permit determination of the range between the 
survey instrument 12 and the selected target 136 from 
which the optical pulses are reflected. Optical pulses re- 
flected from the selected target 136 are filtered by the 
filter 142. The filter 142 passes signals of wavelengths 
corresponding to the frequency of the optical pulses 
generated by the pulse generator 124. The filter 142 is 
preferably a narrow band interference filter. 
[0051] Operation of the light generator 14 and the light 
detecting and processing circuitry 22 is controlled by op- 
eration of the microcontroller 94 byway of the logic con- 
trol lines 108. An operator initiates operation of the sur- 
vey instrument 12 by appropriate actuation of a manu- 
ally-actuatable trigger 152. In one embodiment of the 
present invention, operation of the survey instrument 
can also be initiated through a device coupled to the in- 
put/output circuitry 110. 

[0052] The microcontroller 94 determines the value of 
the range between the survey instrument 12 and the se- 
lected target 136 by determining the amount of time re- 
quired to transmit the optical pulses to the selected tar- 



get 1 36 and to receive reflected optical pulses reflected 
therefrom. The microcontroller 94 is also coupled to re- 
ceive values of the horizontal and vertical angles deter- 
mined by the theodolite 58 byway of the UART 114. The 
5 values of the horizontal and vertical angles together with 
the value of the range to the selected target form the 
positional data representative of the position of the se- 
lected target relative to the survey instrument 12. 
[0053] Responsive to the values of the positional da- 
10 ta, the microcontroller 94 causes the laser pulse spacing 
counter 126 to be preset with a selected count value. 
When the counter 126 counts out to the selected count 
value, signals generated on line 128 permit the gener- 
ation of optical pulses by the laser pulse generator 124. 
15 The optical pulses generated by the pulse generator 1 24 
are thereby spaced apart by intervals corresponding to 
the values of the positional data determined during op- 
eration of the survey instrument 12. The optical pulses 
generated during operation of the survey instrument 12 
thereby are used both to determine the positional data 
representative of a selected target and also to transmit 
the positional data to a remote site. 
[0054] In a further embodiment of the present inven- 
tion, additional, or other, data may be transmitted by the 
survey instrument 1 2. This additional or other data may, 
for instance, be manually entered by way of the keypad 
118 or through an external device appropriately con- 
nected to the survey instrument 12. 
[0055] Fig. 4 further illustrates a magnetic compass 
1 66, an electrolytic tilt sensor 1 68, a temperature sensor 
170, and a signal conditioner 172, all shown in dash. 
The elements 166-172 form a portion of the survey in- 
strument 12 in an alternate embodiment of the present 
invention. The elements 166-172 can be substituted for 
the theodolite 56 and are operative to determine values 
of the horizontal and vertical angles between the instru- 
ment 12 and the selected target 136. As the elements 
166-172 may be housed within the housing 50 (shown 
in Fig. 2) of the survey instrument 12, use of an embod- 
iment including the elements 166-172 in substitution for 
the theodolite 56 may be desirable when the survey in- 
strument 12 must be portable or form a hand-held de- 
vice. 

[0056] Fig. 5 illustrates the timing characteristics of an 
optical signal generated by an exemplary embodiment 
of the present invention. As the positional data deter- 
mined by the survey instrument 12 is determinative of 
the time spacing between adjacent optical pulses, iden- 
tified in the figure by the reference numeral 178, the op- 
tical signal forms a pulse position modulated signal. 
[0057] The average rate at which the optical pulses 
are generated is selected to ensure that the maximum 
allowable average energy levels permitted of light gen- 
erated by a Class I laser device are not exceeded. More 
particularly, here, the average rate at which the optical 
pulses are generated is selected to correspond to an 
average spacing between adjacent optical pulses of 
6,000 microseconds. 
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[0058] As the operating range of the survey instru- 
ment 12 is approximately 100,000 feet, transmission of 
an optical pulse to a selected target at a distance of the 
100,000 feet and reflection of the pulse back to the sur- 
vey instrument 12 requires approximately 200 micro- 
seconds. The average spacing of the 6,000 microsec- 
onds between the optical pulses is therefore much 
greater than the time required to transmit an optical 
pulse to, and to receive an optical pulse reflected from, 
a selected target 

[0059] The optical signal preferably includes a syn- 
chronization block and a data block. Optical pulses of 
the synchronization block, shown at the left-hand side 
portion of Fig. 5, are utilized to synchronize the circuitry 
of the optical receiver 20 with the circuitry of the survey 
instrument 12. The positional data determined by the 
survey instrument 12 is contained in the data block, 
shown at the right-hand side portion of Fig. 5, of the op- 
tical signal. 

[0060] The average spacing between optical pulses 
is indicated in the figure by the designation TD AVG. 
While the average spacing between the pulses is 6,000 
microseconds, the spacing between any two adjacent 
pulses is quite likely to differ, and the spacing between 
the adjacent pulses can be of any value between a min- 
imum value, designated by TD MIN in the figure, and a 
maximum value, designated by TD MAX in the figure. 
An optical pulse 1 78 may be generated at anytime with- 
in a time period identified by the blocks 182, shown in 
dash, positioned about each of the pulses 178. 
[0061] In the embodiment illustrated in Fig. 5, the op- 
tical pulses are of pulse widths of fifteen nanoseconds. 
The pulses are generated within time slots which are 
defined to be of six microsecond time periods. The time 
period of the time slots is designated by TN in the figure. 
Two hundred fifty-six, Le., 2 8 , time slots 1 84 are defined 
in the enlarged portion of Fig. 5. An optical pulse of the 
fifteen nanosecond duration can be generated in a se- 
lected slot 184. As the fifteen nanosecond optical pulse 
can be generated in any one of 256 different time slots, 
the minimum spacing between adjacent optical pulses 
is 4,464 microseconds (6,000 microseconds minus 
1 ,536 microseconds), and the maximum time difference 
between adjacent optical pulses is 7,536 microseconds 
(6,000 microseconds plus 1,536 microseconds). 
[0062] Because of the 256 different time slots in which 
an optical pulse may be generated, eight bits of data can 
be transmitted with each succeeding optical pulse. In 
the example of Fig. 5, the data block is formed of thirty 
optical pulses ( i.e. , m=30), and the spacing between 
each adjacent pulse of the thirty optical pulses defines 
eight bits of data. It has been determined that transmis- 
sion of data blocks comprised of thirty pulses, each of 
which transmits eight bits of data, permits transmission 
of the positional data required to identify the position of 
a selected target. Selection of other timing and modula- 
tion schemes can permit other amounts of data to be 
transmitted. 



[0063] Optical pulses of the synchronization block are 
spaced apart by time spacings of 7,600 microseconds, 
indicated in the figure by the designation TS. An optical 
receiver receiving the optical pulses spaced apart by 

5 7,600 microseconds interprets the spaced-apart pulses 
to form the synchronization block. When the spacing be- 
tween optical pulses is less than 7,600 microseconds, 
the optical receiver determines the informational con- 
tent of the optical signal. 

10 [0064] The timing scheme illustrated in Fig. 5 is ex- 
emplary only. Other timing schemes by which the posi- 
tional data may be modulated to form optical signals to 
transmit the optical signals to a remote site are, of 
course, also possible. And, as noted above, additional 

15 or other data may be transmitted in similar fashion. The 
timing scheme described above permits transmission of 
desired amounts of data to a remote site while ensuring 
that maximum allowable energy levels of laser light 
transmission are not exceeded. As multiple bits of data, 

20 here eight bits of data, are transmitted with each suc- 
ceeding optical pulse, efficient transfer of data is permit- 
ted. 

[0065] As the time spacing between pulses is very 
large relative to the widths of the pulses, the receiver 20 

25 which receives the pulses is permitted to be operated 
over a broad range of incident optical pulse power. 
[0066] Fig. 6 illustrates a portion of the optical receiver 
20 which receives the optical signals generated by the 
laser survey instrument 12. As mentioned previously, 

30 the optical receiver includes a plurality of optical detec- 
tors 84. Each of the detectors 84 is here shown to re- 
ceive the optical pulses by way of wide angle receiver 
1 86 or, alternately, by way of a narrow angle receiver 
188. A single narrow angle receiver is shown, for pur- 

35 poses of illustration, in Fig. 6, connectable to the bottom- 
most, as shown, optical detector 84. Use of the narrow 
angle receiver 188 increases the range of operability of 
the system 10. Absorbtion filters 189 filter the optical 
pulses received by the wide angle receivers 186 and 

40 narrowband interference filters 191 filter the optical puls- 
es received by the narrow angle receivers 188. When 
the pulses forming the optical signals are received and 
detected by one or more light detectors 82, the affected 
light detector 82 converts the optical pulse into an elec- 
ts trical signal for application to a signal processing and 
amplification circuit 194 associated with each of the plu- 
rality of light detectors 82. Each of the signal processing 
and amplification circuits 1 94 is coupled to a laser pulse 
spacing timer 198 through a summer 200. The timer 198 

50 also receives a clock signal generated by a clock oscil- 
lator 202 on line 204. The clock oscillator is coupled to 
a crystal 205. While more than one light detector 82 may 
simultaneously detect optical pulses of the optical signal 
transmitted thereto, the signals generated by the light 

55 detectors 82 which detect the optical pulses are identi- 
cal, and the signal generated by the summer 200 corre- 
sponds to the signal generated by any of the circuits 194 
to which an optical pulse received by an associated op- 
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tical detector 84 is received. That is to say, here, the 
summer 200 functions in a manner equivalent to the 
functioning of a logical-OR gate. 
[0067] The laser pulse spacing timer 1 98 determines 
the time intervals between adjacent optical pulses de- 
tected by the one of more the optical detectors 84 and 
generates signals indicative thereof upon a data bus 
208 which is coupled to a microprocessor 21 0. The laser 
pulse spacing timer 198 functions as a demodulator to 
demodulate signals representative of the optical signals 
received by the detectors 84. Responsive to the signals 
generated by the timer 1 98, the microprocessor 21 0 de- 
termines the positional data transmitted to the receiver. 
It should also be noted that, while the timer 198 is illus- 
trated functionally in the figure as a discrete element, 
the timer 198 may alternately be integrated into the mi- 
croprocessor 210. The microprocessor is coupled to a 
crystal 211 . The microprocessor 21 0 also generates sig- 
nals on the data bus 208 and also logic control lines 21 2 
which are coupled to the laser pulse spacing timer 198. 
[0068] A memory element 214, a UART 216, and a 
display element/keypad input 218 are further coupled to 
the microprocessor, all to be in communication with the 
microprocessor 21 0. The UART 216 permits connection 
of the receiver 20 to the data storage device 36, shown 
in Fig. 1. 

[0069] The receiver 20 further includes a low voltage 
power supply 220 and an optical detector bias supply 
222. The power supply 220 powers most of the circuitry 
of the receiver 20 while the optical detector bias supply 
powers the optical detectors 84 which are comprised, 
for example, of PIN diodes. 

[0070] The microprocessor 210 of the receiver 20 de- 
termines the positional data transmitted to the receiver 
20 responsive to the determined intervals between the 
adjacent pulses of the optical signal. 
[0071] Fig. 7 illustrates a hydrographic application of 
the system 10 of an embodiment of the present inven- 
tion. Here, the system 10 is utilized to map a body of 
water 224. The laser survey instrument 12 is positioned 
at a reference position, and a light reflector 18 and an 
optical receiver 20 are mounted upon a floating vessel 
226. The survey instrument 12 determines the position 
of the floating vessel 226 and transmits at least position- 
al data representative of the position of the floating ves- 
sel 226 to the optical receiver 20. The positional data 
received by the optical receiver 20 is stored in the data 
storage device 36. The data acquisition device 40, here 
a depth sounder, determines the water depth of the body 
of water 224 directly beneath the floating vessel 226 and 
the data acquired by the depth sounder is stored in the 
data storage device 36. All of the data required to map 
the body of water 224 is thereby stored in the data stor- 
age device 36. Appropriate utilization of the data stored 
in the storage device 36 permits a map to be made of 
the body of water 224. 

[0072] This hydrographic application of the system 1 0 
is of particular utility in dredging operations. The system 



1 0 may be utilized to perform mapping operations and 
the dredging operations are performed responsive to 
the mapping of the body of water. After the dredging op- 
erations have been performed, mapping operations 

5 may again be performed to ensure that the dredging op- 
erations have been adequately performed. 
[0073] Fig. 8 illustrates another application of the sys- 
tem 10 of an embodiment of the present invention. Here, 
the system 10 is utilized to map an area of land 230. The 

10 laser survey instrument 12 is positioned at a reference 
position, and a light reflector 18 and an optical receiver 
20 are supported by a shaft member 232. Here, the light 
reflector 18 may be formed of a single prism 82 and the 
optical receiver 20 may be comprised of a single optical 

15 detector 84. A person carrying the shaft member 232 
orients the reflector 18 and the receiver 20 relative to 
the survey instrument 12 to receive the optical pulses 
generated by the survey instrument 12. Positional data 
transmitted to the receiver 20 is stored in a data storage 

20 device 36. The data storage device 36 here preferably 
also permits manual entry of data, and the manually- 
entered data may be correlated with the positional data 
transmitted to the receiver 20. 

[0074] Because the positional data determined by the 

25 survey instruments 1 2 is utilized to form an optical signal 
which is transmitted to a remote site, an operator of the 
survey instrument 12 need not obtain a radio license to 
transmit the positional data to a remote site. By suitable 
selection of the modulation scheme by which the posi- 

30 tional data is modulated to form the optical signal, the 
energy level of the optical signals generated by the sur- 
vey instrument 12 are within prescribed maximum en- 
ergy levels permitted of Class I laser operation. Also, 
the same optical pulses utilized to determine the range 

35 between the survey instalment 1 2 and a selected target 
can be used to transmit positional data to the selected 
target. A single light generator 14 may thereby be uti- 
lized both in the determination of positional data and al- 
so to transmit positional data to the selected target. 

40 [0075] Presently-preferred embodiments of the 
present invention have been described with a degree of 
particularity. The previous descriptions are of preferred 
examples for implementing the invention, and the scope 
of the invention should not necessarily be limited by this 

45 description. The scope of the present invention is de- 
fined by the following claims. 

Claims 

50 

1. An apparatus (10) for determining positional data 
representative of at least a relative position of a se- 
lected target (1 36) and for transmitting the position- 
al data to a remote site, said apparatus comprising: 

55 

a light generative device (14) for generating op- 
tical pulses (134,178) for transmission to the 
selected target (136), and 
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a position determining device (24) coupled to 
said light generative device (14), said position 
determining device (24) determining the posi- 
tional data representative of at least the relative 
position of the selected target responsive to re- 
flections of the optical pulses (138, 178) from 
the selected target (1 36) by measuring the time 
interval between the generation and the recep- 
tion of the reflected optical pulse, 

characterized in further comprising a modu- 
lation device (32) coupled to said light generative 
device (14) and coupled (30) to receive the position- 
al data determined by said position determining de- 
vice (24), said modulation device (32) for modulat- 
ing the optical pulses (178) generated by said light 
generative device (14), by altering the spacing be- 
tween adjacent ones of the optical pulses (178), 
with the positional data to form optical signals of the 
optical pulses (134, 178) for transmission to the re- 
mote site. 

2. The apparatus of claim 1, characterized in that 
said light generative device (14) and said position 
determining device (24) together comprise a laser 
measuring instrument (12) for determining range 
values between the position determining device 
(24) and the selected target. 

3. The apparatus of claim 2, characterized In that 

said position determining device (24) further com- 
prises reflectors (18) positioned at the selected tar- 
get for reflecting the optical pulses (1 78) transmitted 
thereto. 

4. The apparatus of claim 2, characterized in that 

said position determining device (24) further com- 
prises an angle determining device (28) for deter- 
mining horizontal and vertical angles between the 
position determining device (24) and the selected 
target. 

5. The apparatus of claim 2, characterized in that the 

optical pulses (178) generated by said light gener- 
ative device (14) are utilized simultaneously for de- 
termining the range values and for forming the op- 
tical signals for transmission to the remote site. 

6. The apparatus of claim 1 , characterized In that the 
selected target is located at the remote site. 

7. The apparatus of claim 1 , characterized in that 
said modulation device (32) modulates the optical 
pulses (1 78) to form a pulse position modulated sig- 
nal. 

8. The apparatus of claim 7, characterized in that 
spacings between adjacent ones of the optical puls- 



es (178) forming the pulse position modulated sig- 
nal define multiple bits of data. 

9. The apparatus of claim 1 , characterized in that 

5 said modulation device (32) comprises a counting 
device (126) set to selected count values, said 
counting device (126) enabling generation of the 
optical pulses by said light generative device (14) 
when the counting device (126) counts out to the 

10 selected count values. 

10. The apparatus of claim 1, characterized in further 
comprising, in combination: 

at least one optical signal receiver (20) post- 
's tioned at the remote site for receiving the optical sig- 
nals (178) transmitted thereto. 

11. The apparatus of claim 10, characterized In that 

said at least one optical signal receiver (20) com- 
20 prises a plurality of spaced -a part, circumferential ly- 
positioned optical receivers (84), each of said opti- 
cal receivers (84) for receiving the optical signals 
(1 78) and for converting the optical signals (1 78) in- 
to electrical signals. 

25 

12. The apparatus of claim 1 0, characterized in further 
comprising, in combination: 

a data storage device (36) coupled to at least 
one optical receiver (20), said data storage device 
30 (36) for storing values of electrical signals generat- 
ed by said at least one optical receiver (20). 

1 3. The apparatus of claim 1 2, characterized in further 
comprising, in combination: 

35 a data acquisition device (40) coupled to said 

data storage device (36), said data acquisition de- 
vice (40) for acquiring data related to selected fea- 
tures and for generating acquired data signals hav- 
ing values representative of the data acquired 

40 thereat. 

14. The apparatus of claim 13, characterized in that 
said data storage device (36) is further operative to 
process the acquired data signals generated by 

45 said data acquisition device (40) and to store values 
of the acquired data signals. 

15. The apparatus of claim 1 , characterized In further 
comprising: 

50 an optical signal receiver (20) positioned at 

the remote site, said optical signal receiver (20) for 
receiving the optical signals formed of the optical 
pulses (178) transmitted to the remote site. 

55 16. The apparatus of claim 1 for use in charting a body 
of water (224), characterized in further comprising: 

an optical signal receiving device (20) posi- 
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tioned at the selected target (1 36), said optical 
signal receiving device (20) receiving the opti- 
cal signals formed of the optical pulses (178), 
a data storage device (36) coupled to said op- 
tical signal receiving device (20), said data stor- 
age device (36) processing signals represent- 
ative of the signals received by said optical sig- 
nal receiving device (20) and storing values 
representative thereof, and 
a depth sounding device (40) coupled to said 
data storage device (36) and positioned at the 
selected target, said depth sounding device 
(40) determining water depths of the body of 
water (224) beneath the selected target and 
generating signals having values representa- 
tive of water depths at the selected target for 
application to said data storage device (36) for 
storage therein, 

said light generative device (12) being located 
at a reference position and said selected target 
being located on the body of water (224), and 
said positional data being representative of dis- 
tances separating said reference position and 
said selected target. 

17. A method for determining positional data represent- 
ative of at least a relative position of a selected tar- 
get (136) and for transmitting the positional data to 
a remote site, said method comprising the steps of: 

generating (14) optical pulses (134, 178) for 
transmission to the selected target (136), and 

determining (24) the positional data represent- 
ative of at least the relative position of the se- 
lected target (136) responsive to the optical 
pulses (1 78) generated during said step of gen- 
erating (14) the optical pulses (178) by meas- 
uring the time interval between the generation 
and the reception of the reflected optical pulse, 

characterized in comprising the step of mod- 
ulating (32) the optical pulses (178) generated dur- 
ing said step of generating (14) the optical pulses 
(178), by altering the spacing between adjacent 
ones of the optical pulses, with the positional data 
determined during said step of determining (24), 
thereby to form optical signals of the optical pulses 
(134, 178) for transmission to the remote site. 

18. The method of claim 17, characterized in compris- 
ing the further step of storing (36) values of the op- 
tical signals transmitted to an optical receiver (20). 



Patentanspruche 

1. Vorrichtung (10) zur Bestimmung von Positionsda- 



ten, die fOr wenigstens eine relative Position eines 
ausgewahlten Ziels (136) kennzeichnend sind, so- 
wie zur Qbertragung der Positionsdaten an einen 
entfernt gelegenen Ort, wobei die Vorrichtung urn- 
fasst: 

ein Licht erzeugendes Gerat (14) zur Erzeu- 
gung von optischen Impulsen (1 34, 1 78) fOr die 
Qbertragung an das ausgewahlte Ziel (136), 
und 

ein die Position bestimmendes Gerat (24), das 
mit dem Licht erzeugenden Gerat (14) gekop- 
pelt ist, wobei das die Position bestimmende 
Gerat (24) die Positionsdaten bestimmt, die 
kennzeichnend sind fur wenigstens die relative 
Position eines ausgewahlten Ziels, das an- 
spricht auf die Reflektionen der optischen Im- 
pulse (138, 178) von dem. ausgewahlten Ziel 
(136) durch Messung des Zeitintervails zwi- 
schen der Erzeugung und dem Empfang der re- 
flektierten optischen Impulse, 

dadurch gekennzeichnet, dass sie des wei- 
teren ein Modulationsgerat (23) enthalt, welches an 
das Licht erzeugende Gerat (14) gekoppelt ist und 
welches gekoppelt ist (30), urn die von dem die Po- 
sition bestimmenden Gerat (24) bestimmten Positi- 
onsdaten zu empfangen, wobei das Modulations- 
gerat (32) zur Modulation der optischen Impulse 
(178) dient, die von dem Licht erzeugenden Gerat 
(14) erzeugt worden sind, durch Anderung des Ab- 
stands zwischen einander benachbarten unter den 
optischen Impulsen (178), wobei die Positionsda- 
ten die optischen Signale der optischen Impulse 
(134, 178) zur Qbertragung an einen entfernt gele- 
genen Ort biiden. 

2. Vorrichtung gema& Anspruch 1, dadurch gekenn- 
zeichnet, dass das Licht erzeugende Gerat (14) 
und das die Position bestimmende Gerat (24) zu- 
sammen ein Lasermessinstrument (12) umfassen 
zur Bestimmung der Grdfte des Abstands zwischen 
dem die Position bestimmenden Gerat (24) und 
dem ausgewahlten Ziel. 

3. Vorrichtung gemaft Anspruch 2, dadurch gekenn- 
zeichnet, dass das die Position bestimmende Ge- 
rat (24)ferner Reflektoren (1 8) aufweist, die an dem 
ausgewahlten Ziel angeordnet sind, um die an das- 
selbe Qbertragenen optischen Impulse (178) zu re- 
flektieren. 

4. Vorrichtung gemaS Anspruch 2, dadurch gekenn- 
zeichnet, dass das die Position bestimmende Ge- 
rat (24) ferner ein Winkelbestimmungsgerat (28) 
aufweist zur Bestimmung der horizontalen und der 
vertikalen Winkel zwischen dem die Position be- 
stimmenden Gerdt (24) und dem ausgewahlten 
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Ziel. 

5. Vorrichtung gemdft Anspruch 2, dadurch gekenn- 
zeichnet, dass die optischen Impulse (178), die 
vondem Licht erzeugenden Gerat (14) erzeugt wor- 5 
den sind, benutzt werden urn gleichzeitig die Grd- 
Sen des Abstands zu bestimmen und urn die opti- 
schen Signale furdie Obertragung an einen entfemt 
gelegenen Ort zu biiden 

10 

6. Vorrichtung gem3& Anspruch 1 , dadurch gekenn- 
zeichnet, dass das ausgewahlte Ziel an dem ent- 
femt getegenen Ort positioniert ist. 

7. Vorrichtung gemaB Anspruch 1 , dadurch gekenn- * 5 
zeichnet, dass das Modulationsgerat (32) die op- 
tischen Impulse (178) moduliert, urn ein modulier- 

tes Signal der Impulsposition zu biiden. 

8. Vorrichtung gemaG> Anspruch 7, dadurch gekenn- 20 
zeichnet dass die Abstande zwischen benachbar- 

ten unter optischen Impulsen (1 78), welche das mo 
dulierte Signal der, Impulsposition biiden, multiple 
Bits von Daten definieren. 

25 

9. Vorrichtung gema\R Anspruch 1, dadurch gekenn- 
zeichnet, dass das Modulationsgerat (32) ein Zahl- 
gerat (126) umfasst, das auf ausgewahlte Zahlwer- 
te eingestellt ist wobei das Zahlgerat (126) die Er- 
zeugung des optischen Impulses durch das Licht 30 
erzeugende Gerat (14) moglich macht wenn das 
Zahlgerat (126) auf die ausgewahlten Zahlwerte 
auszShlt. 

10. Vorrichtung gemaft Anspoich 1, dadurch gekenn- 35 
zeichnet, dass es ferner umfasst, in Kombination : 

mindestens einen optischen Signalempfan- 
ger (20), der an dem entfemt gelegenen Ort ange- 
ordnet ist zum Empfangen der an denselben Qber- 
tragenen optischen Signale (1 78). *o 

11. Vorrichtung gemdft Anspruch 10, dadurch ge- 
kennzeichnet, dass der mindestens eine optische 
Sigrialempfanger (20) eine Vlelzahl von mit Ab- 
stand voneinander angeordneten am Umfang posi- 45 
tionierten optischen Empfangern (84) umfasst, wo- 
bei ein jeder der optischen Empfangern (84) be- 
stimmt ist zum Empfangen der optischen Signale 
(178) und zur Umwandlung der optischen Signale 
(178) in elektrische Signale. so 

12. Vorrichtung gernSR Anspruch 10, dadurch ge- 
kennzeichnet, dass es femer umfasst, in 
Kombination : 

ein Datenspeichergerat (36), das an minde- 55 
stens einen optischen Empfdnger (20) gekoppelt 
ist, wobei das Datenspeichergerat (36) bestimmt ist 
zum Speichem von Werten von elektrischen Signa- 



len, die von dem mindestens einen optischen Emp- 
fanger (20) erzeugt worden sind. 

13. Vorrichtung gemafi Anspruch 12, dadurch ge- 
kennzeichnet, dass es femer umfasst, in 
Kombination : 

ein Datenerfassungsgerat (40), das an das 
Datenspeichergerat (36) gekoppelt ist, wobei das 
Datenerfassungsgerat (40) bestimmt ist zum Erfas- 
sen von Daten, die mit den ausgewahlten Merkma- 
ien in Verbindung stehen und zum Erzeugen von 
Signalen der erfassten Signale, die Werten aufwei- 
sen die kennzeichnend sind fOr die an demselben 
erfassten Daten. 

14. Vorrichtung gemaR Anspruch 13, dadurch ge- 
kennzeichnet, dass das Datenspeichergerat (36) 
ferner betriebswirksam ist zum Behandeln der er- 
fassten Datensignale, die von dem Datenerfas- 
sungsgerat (40) erzeugt worden sind und zum Spei- 
chem von Werten der erfassten Datensignale. 

15. Vorrichtung gemaS Anspruch 1, dadurch gekenn- 
zeichnet, dass es femer umfasst: 

einen optischen Signalempfanger(20), der an 
dem entfemt gelegenen Ort angeordnet ist, wobei 
der optische Signalempfanger (20) bestimmt ist 
zum Empfangen der optischen Signale, die aus den 
optischen Impulsen (178) gebildet worden sind, 
weiche an den entfemt gelegenen Ort Qbertragen 
worden sind. 

16. Vorrichtung gemafi Anspruch 1 fur die Aufzeich- 
nung eines Korpers aus Wasser (224), dadurch ge- 
kennzeichnet, dass es femer umfasst : 

ein optisches Signalempfangergerat (20), das 
an dem ausgewahlten Ziel angeordnet ist, wo- 
bei das optische Signalempfangergerat (20) 
die optischen Signale empfangt, die aus den 
optischen Impulsen (1 78) gebildet worden sind, 

ein Datenspeichergerat (36), das mit dem opti- 
schen Signalempfangergerat (20) gekoppelt 
ist, wobei das Datenspeichergerat (36) Signale 
behandelt die kennzeichnend sind fur die Si- 
gnale, die von dem optischen Signalempfan- 
gergerat (20) empfangen worden sind und 
kennzeichnende Werte derselben speichert, 
und 

ein Tiefenpeilgerat (40), das mit dem Daten- 
speichergerat (36) gekoppelt ist und das an 
dem ausgewahlten Ziel angeordnet ist, wobei 
das Tiefenpeilgerat (40) Wassertiefen des Kdr- 
pers aus Wasser (224) unter dem ausgewahl- 
ten Ziel bestimmt und Signale erzeugt, welche 
Werte enthalten die kennzeichnend sind fur die 
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Wassertiefen an dem ausgewShlten Ziel zur 
Anwendung auf das DatenspeichergerSt (36) 
zur Speicherung in demselben, 

wobei das Licht erzeugende GerSt . (12) an der 
Referenzposition angeordnet ist und das aus- 
gewalilteZiel auf dem Korperaus Wasser(224) 
angeordnet ist, und 

die Positionsdaten kennzeichnend sind fGr Ent- 
fernungen welche die Referenzposition und 
das ausgewShlten Ziel voneinander trennen. 

17. Verfahren zur Bestimmung von Positionsdaten, die 
fur wenigstens eine relative Position eines ausge- 
wahlten Ziels (136) kennzeichnend sind, sowie zur 
Obertragung der Positionsdaten an einen entfemt 
gelegenen Ort, wobei das Verfahren die folgenden 
Schritte umfasst : 

die Erzeugung (14) von optischen Impulsen 
(134, 178) zur Obertragung an das ausgewShl- 
teZiel (136), und 

die Bestimmung (24) der Positionsdaten, die 
kennzeichnend sind fur wenigstens die relative 
Position des ausgewShlten Ziels (136), das an- 
spricht auf die optischen Impulse (1 78), die er- 
zeugt werden wShrend des Schritts der Erzeu- 
gung (14) der optischen Impulse (178) durch 
Messen des Zeitintervalls zwischen der Erzeu- 
gung und dem Empfang des reflektierten opti- 
schen Impulses, 

dadurch gekennzeichnet, dass es den 

Schritt des Modulierens (32) der optischen Impulse 
(178) umfasst, welche erzeugt worden sind wSh- 
rend des Schritts des Erzeugens (14) der optischen 
Impulse (1 78), durch Anderung des Abstandes zwi- 
schen benachbarten unterden optischen Impulsen, 
wobei die Positionsdaten bestimmt werden wSh- 
rend des Schritts der Bestimmung (24), urn dadurch 
optische Signale der optischen Impulse (134, 178) 
zu bilden zur Obertragung an den entfemt gelege- 
nen Ort. 

18. Verfahren gemaR Anspruch 17, dadurch gekenn- 
zeichnet, dass es den weiteren Schritt des Spei- 
cherns (36) von Werten der optischen Signale um- 
fasst, welche an einen optischen Empfanger (20) 
weitergeleitet worden sind. 



Revendications 

1. Appareil (10) pour determiner des donnees de po- 
sition representatives d'au moins une position rela- 
tive d'une cible selectionnee (1 36) et pour transmet- 



tre les donnees de position a un site a distance, ledit 
appareil comprenant : 

un dispositif de generation de lumiere (14) pour 
5 generer des impulsions optiques (134, 178) a 

des fins de transmission a la cible selectionnee 
(136), et 

un dispositif de determination de position (24) 
10 couple audit dispositif de generation de lumiere 

(14), ledit dispositif de determination de posi- 
tion (24) determinant les donnees de position 
representative d'au moins la position relative 
de la cible selectionnee en reponse aux re- 
15 flexions des impulsions optiques (138, 178) a 

partir de la cible selectionnee (136) en mesu- 
rant Pintervalle de temps entre la generation et 
la reception des impulsions optiques reflechies, 

20 caracterise en ce qu'il comprend en outre un 

dispositif de modulation (32) couple audit dispositif 
de generation de lumiere (14) et couple (30) pour 
recevoir les donnees de position determinees par 
ledit dispositif de determination de position (24), le- 

25 dit dispositif de modulation (32) etant destine a mo- 
duler les impulsions optiques (178) generees par 
ledit dispositif de generation de lumiere (14), en mo- 
difiant Tecartement entre des impulsions optiques 
adjacentes (178), avec les donnees de position 

30 pour former des signaux optiques des impulsions 
optiques (134, 178) a des fins de transmission au 
site a distance. 

2. Appareil selon la revendication 1 , caracterise en 
35 ce que ledit dispositif de generation de lumiere (14) 

et ledit dispositif de determination de position (24) 
comprennent ensemble un instrument de mesure 
(12) en forme de laser pour determiner des valeurs 
de distance entre le dispositif de determination de 
40 position (24) et la cible selectionnee. 

3. Appareil selon la revendication 2, caracterise en 
ce que ledit dispositif de determination de position 
(24) comprend en outre des dispositifs de reflexion 

45 (18) places a I'endroit de la cible selectionnee pour 
reflechir les impulsions optiques (178) qui y sont 
transmises. 

4. Appareil selon la revendication 2, caracterise en 
50 ce que ledit dispositif de determination de position 

(24) comprend en outre un dispositif de determina- 
tion d'angle (28) pour determiner les angles hori- 
zontaux et verticaux entre le dispositif de determi- 
nation de position (24) et la cible selectionnee. 

55 

5. Appareil selon la revendication 2, caracterise en 
ce que les impulsions optiques (178) generees par 
ledit dispositif de generation de lumiere (14) sont 
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utilisees de maniere simultanee pour determiner les 
valeurs de distance et pour former les signaux op- 
tiques pour la transmission au site a distance. 

6. Appareil selon la revendication 1, caracterise en 
ce que la cibte selectionnee est situee au site a dis- 
tance. 

7. Appareil selon la revendication 1, caracterise en 
ce que ledit dispositif de modulation (32) module 
les impulsions optiques (178) pour former un signal 
d'impulsions module en position. 

8. Appareil selon la revendication 7, caracterise en 
ce que les ecartements entre des impulsions opti- 
ques adjacentes (178) formant le signal d'impul- 
sions module en position defmissent de multiples 
bits de donnees. 

9. Appareil selon la revendication 1 , caracterise en 
ce que ledit dispositif de modulation (32) comprend 
un dispositif de comptage (126) regie pour selec- 
tionner des valeurs de comptage, ledit dispositif de 
comptage (126) activant la generation des impul- 
sions optiques par ledit dispositif de generation de 
lumiere (14) lorsque ie dispositif de comptage (126) 
parvient aux valeurs de comptage selectionnees. 

10. Appareil selon la revendication 1, caracterise en 
ce qu'il comprend en outre, en combinaison : 

au moins un recepteur de signaux optiques 
(20) positionne au site a distance pour recevoir les 
signaux optiques (178) qui y sont transmis. 

11. Appareil selon la revendication 10, 
caracterise en ce que ledit ou lesdits recepteurs 
de signaux optiques (20) comprennent plusieurs re- 
cepteurs optiques (84) espaces les uns des autres 
et disposes en position circonferentielle, chacun 
desdits recepteurs optiques (84) etant destines a 
recevoir les signaux optiques (178) et a convertir 
les signaux optiques (178) en signaux electriques. 

12. Appareil selon la revendication 10, 
caracterise en ce qu'il comprend en outre, en 
combinaison : 

un dispositif de stockage de donnees (36) 
couple a au moins un recepteur optique (20), ledit 
dispositif de stockage de donnees 36 etant destine 
a stocker des valeurs de signaux electriques gene- 
rees par ledit ou lesdits recepteurs optiques (20). 

13. Appareil selon la revendication 12, 
caracterise en ce qu'il comprend en outre, en 
combinaison : 

un dispositif d'acquisition de donnees (40) 
couple audit dispositif de stockage de donnees 
(36), ledit dispositif d'acquisition de donnees (40) 



etant destine a acquerir des donnees concemant 
des caracteristiques selectionnees et a generer des 
signaux de donnees acquises dont les valeurs sont 
representatives des donnees acquises audit dispo- 
5 sitif. 

14. Appareil selon la revendication 13, 

caracterise en ce que ledit dispositif de stockage 
de donnees (36) est en outre operation nel pour trai- 
10 ter les signaux de donnees acquises generees par 
ledit dispositif d'acquisition de donnees (40) et pour 
stocker des valeurs des signaux de donnees acqui- 
ses. 

15 15. Appareil selon la revendication 1, caracterise en 
ce qu'il comprend en outre : 

un recepteur de signaux optiques (20) posi- 
tionne au site a distance, ledit recepteur de signaux 
optiques (20) etant destine a recevoir les signaux 

20 optiques formes par les impulsions optiques (178) 
transmises au site a distance. 

16. Appareil selon la revendication 1 , a utiliser pour hy- 
drographier une masse d'eau (224), caracterise en 
25 ce qu'il comprend en outre : 

un dispositif de reception de signaux optiques 
(20) positionne a Pendroit correspondant a la 
cible selectionnee (136), ledit dispositif de re- 
30 ception de signaux optiques (20) recevant les 

signaux optiques formes a partir des impul- 
sions optiques (178), 

un dispositif de stockage de donnees (36) cou- 
ple audit dispositif de reception de signaux op- 
35 tiques (20), ledit dispositif de stockage de don- 

nees (36) traitant des signaux representatifs 
des signaux recus par ledit dispositif de recep- 
tion de signaux optiques (20) et stockant des 
valeurs representatives de ces derniers, et 
^o un dispositif de sondage acoustique (40) cou- 

ple audit dispositif de stockage de donnees (36) 
et positionne a un endroit correspondant a la 
cible selectionnee, ledit dispositif de sondage 
acoustique (40) determinant la profondeur de 
45 la masse d'eau (224) en dessous de la cible se- 

lectionnee et generant des signaux, dont les 
valeurs sont representatives de la profondeur 
de I'eau a la cible selectionnee, destines a etre 
appliques audit dispositif de stockage de don- 
so nees (36) afin d'y §tre stockes, 

ledit dispositif de generation de lumiere (14) 
etant dispos6 a une position de reference et la- 
dite cible selectionnee etant situee sur la mas- 
se d'eau (224), et 
55 lesdites donnees de position etant representa- 

tives des distances se pa rant ladite position de 
reference et ladite cible selectionnee. 
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17. Proced6 pour determiner des donnees de position 
representatives d'au moins une position relative 
d'une cible selectionnee (136) et pour transmettre 
les donnees de position a un site a distance, led it 
procede comprenant les etapes consistant a : 5 

generer (14) des impulsions optiques (134, . 
178) a des fins de transmission a la cible selec- 
tionnee (136), et 

determiner (24) les donnees de position repr6- 10 
sentatives d'au moins la position relative de la 
cible selectionnee (136) en reponse aux impul- 
sions optiques (178) generees au cours de la- 
dite etape de generation des impulsions opti- 
ques (178) en mesurant I'intervalle de temps 15 
entre la generation et la reception des impul- 
sions optiques reflechies, 

caracteris6 en ce qu'il comprend I'etape 
consistant a moduler (32) les impulsions optiques 20 
(178) generees au cours de ladite etape de gene- 
ration des impulsions optiques (178), en modifiant 
I'ecartement entre eux des impulsions optiques ad- 
jacentes, avec les donnees de position determi- 
nees au cours de ladite etape de determination 25 
(24), pour ainsi former des stgnaux optiques a partir 
des impulsions optiques (134, 178) a des fins de 
transmission au site a distance. 

18. Procede seion la revendication 17, caracterise en 30 
ce qu'il comprend I'etape supplementaire consis- 
tant a stocker (36) les valeurs des signaux optiques 
transmis a un recepteur optique (20). 
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Fig. 2 
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